Radiofrequency/Hyperthermia/Thermometry Distribution of the absorbed RF power in a phantom was measured by scanning the ther mocouple immediately after RF-irradiation of 13.56 MHz; a phantom used was composed of 2.0 W/W % agar, 0.5 W/W % NaCI and 97.5 W/W % distilled water and equivalent to high water content tissue both in the electric conductivity and the dielectric constant.
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Absorbed RF power at the midpoint on the central axis of the phantom decreased exponentially in accordance with increasing in its thickness.
And the decrease at the midpoint was more remarkable at the RF electrodes got smaller.
Relationship between relative absorbed RF power at the midpoint to that at 1 cm in the depth and relative thickness of the phantom to the diameter of electrodes was shown as a sort of exponential function regardless the diameter of electrodes.
The effec tive heating diameter at the midpoint was equal to the diameter of electrode if the thickness of phantom was smaller than the diameter of electrode, while the effective heating diameter became larger than the diameter of electrode as the thickness of phantom became larger than the dia meter of electrode.
I. INTRODUCTION
Recent years, cancer therapy with hyperthermia has attracted attention again, and a number of studies on the heating method has been reported by many authors'-6'
Before RF-hyperthermia is utilized for the clinical cancer therapy, its dosimetry must be further improved to obtain well-adjusted depth-heat distribution to that theoretically acceptable for the efficient heating against cancer. The authors prepared a phantom, equivalent to high water content tissue in the electric conductivity and the dielectric constant, and scanned thermocouples through the phantom before and after the RF heating.
The authors estimated the distribution of absorbed RF power by measuring the distribution of temperature differences, based on the findings which were reported previously".
II. MATERIALS AND METHODS

1) Materials and devices
The block diagram of the devices is shown in Fig. 1 -a. RF generator (#1 in Fig.  1 -a) at frequency of 13.56 MHz was utilized. The phantom (#2) used, in columnar form, was composed of 2.0 W/W% agar, 0.5 W/W% NaCI and 97.5 W/W% water.
The electric conductivity and the dielectric constant of this phantom, at 13.56 MHz and 22'C, were 0.94 ?5/m and 110 respectively, which were equivalent to those of high water content tissue as reported previously".
The phantom size available was 37.7 cm in diameter and 5, 10, 15 and 20 cm in thickness, L. RF via two cables (#3) was supplied to the phantom (#2) by the aluminum electrodes shown in #4, which were attached on the centers of both ends (in distance, L=5, 10, 15 and 20 cm) of the phantom in parallel with each other. The electrodes, 5, 10 and 15 cm in diameter, D, and 16 ,um in thick ness were utilized.
Copper-Constantan, abbreviated as C-C, enameled thermocouples, 0.1 mm in diameter (#5), binding (#6 in Fig. 1-b ) acryl threads (#7) were used as scanning temperature detecror. The soldered junction (#8) of the thermocouple in length of 1 mm is shown in Fig. 1 -b. To avoid error in measurement which might be caused by the thread, the junction (#8) was positioned 1 mm apart radially from the track of the thread (#7). Ice point thermocouple reference is shown in #9. Temperature distributions before and after RF-heating were recorded by a pen-recorder (#10).
2) Heating and the measurement for temperature distribution
One acryl thread bound to thermocouple was run by pulling at a rate of 1 cm/sec along on an axis binding the centers of two electrodes, i. e., central axis of the phan tom, shown as Z axis in Fig. 1-a . Three other threads were run in the same manner in parallel with the two electrodes and intersected with the Z axis (1) at 1 cm from an electrode, Z=1 cm, (2) at 1 cm from another electrode, Z=L-1 cm and (3) at the middle between the electrodes, Z=L/2 cm. The four thermocouples were scanned. Thus temperature distributions, prior to RF-heating, were obtained in the direction of Z axis as well as in the radial direction, R, shown in Fig. 1 -a. Thermocouples were remained outside of the phantom to avoid possible disturbance in RF fields during RF-heating.
Before and immediately after heating, distributions of the temperature were measured by scanning the thermocouples. Distribution of absorbed RF power as reported previously" had been represented by distribution of differences between temperatures before and after RF-heating under the following conditions; (1) heating period did not exceed 4 minutes, (2) the tempera ture difference within the phantom did not exceed 3°C, and (3) the temperature gradient within the phantom did not exceed 3.2°C/cm.
III. RESULTS AND DISCUSSIONS
The distributions of absorbed RF powers along the central axis, Z, in the phantom of 15, 10 and 5 cm in thickness is shown in Fig. 2-a, b and c, respectively. The solid , dotted and broken lines represent the diameters of electrodes, D=5, 10 and 15 cm, respectively.
Regardless the diameter of electrodes and total thickness of columnar form of agar phantom, the more distant position from the electrode along the central axis gave the less absorbed RF power, which corresponds to the shape of the curves in Fig. 2-a, b and c. Absorbed RF power at the center of the phantom increased according to both the increase in the size of the electrode and the decrease in the thickness of the phantom. Figure 3 -a, and c shows the distributions of the absorbed RF power in the radial direction at Z=L/2 cm for the diameters of the electrodes, for D=15, 10 and 5 cm, respectively.
The solid, dotted and broken lines represent the phantom thicknesses, L=5, 10 and 15 cm, respectively. These figures show that the maximum absorbed RF power on the plane at Z=L/2 cm was obtained on Z axis, showing a decrease in the absorbed RF power according to the increase in R. Figure   Fig 4-a, b and c shows the distributions of the absorbed RF power in a radial direction at Z=1 cm for the diameters of the electrodes, D=15, 10 and 5 cm, respectively. The solid, dotted and broken lines represent the phantom thicknesses, L=5, 10 and 15 cm, respectively.
This figure shows that absorbed RF power in the radial direction at Z=1 cm (or Z=L-1 cm) was larger near the edge of the electrode, and this tendency was emphasized according to the increase in L or D. This may be attributable to both the edge effect of the parallel-plate electrodes and the skin effect by the high frequency, i, e., the more alternate current flows through the more superficial portion of the wire when alternate current flows through the conductive wire. Uniform heating would be obtained by the use of Rogowski's flat-plate electrode".
An asym metry in left and right peaks of Fig. 4-a, b and c may be caused by a stray effect of RF supplying cable which was positioned at air space of 4 cm from the phantom surface.
An effective heating diameter, De, is defined as a diameter within which the absorbed RF power is always a half of, or more than, the maximum absorbed RF power, which is expressed by distance between both feet of the curve at the half value, 0.5, of the peak normalized absorbed RF power in Fig. 3-a, b and c. Where the thickness of the phantom was smaller than the diameter of the electrodes, the effective heating diameter was equal to that of the electrodes. However, as the relative thickness of the phantom increased, L/D>_ 1, the effective heating diameter increased. Figure 6 shows the relationship between the normalized absorbed RF power at the midpoint on the central axis of the phantom and the relative thickness of the phantom to the diameter of electrodes.
The ordinate represents absorbed RF power in log at Z=L/2 cm, normalized by that at Z=1 cm. 
